A CO, waveguide laser with an intracavity hot cell, which is capable of being operated on the oo"2 sequence transitions, is described. More than 15 lines in the 10.4 ,um sequence band having maximum output power up to 1.2 W have been observed from a simple grating-tuned cavity.
Laser emission on the 00"2-[10"1,02"1],,,1 sequence band of CO, was first reported by Reid and Siemsen."' Owing to . the anharmonicity of the COz molecule, the frequencies of the sequence lines lie between the regular lines. This provides a considerably increased number of CO, laser lines for use in optical pumping of far infrared [FIR) laser.? and laser spectroscopic study for molecules4
In general, the sequence laser transitions can be obtained using a cavity with an intracavity hot CO2 cell. The intracavity hot COz cell is a very simple and efficient method to suppress the regular transitions5 and it has been applied successfully in both conventional' and transversely excited atmospheric-pressure (TEA) lasers6 to achieve sequence-band la&g. By this method, the output powers or energies of the sequence lines were about half of the corresponding regular lines from the same lasers. Sequence lines can also be obtained using a cavity with good wavelength discrimination. Solodukhin' used a grating at nonLittrow configuration and achieved a rather low output efficiency for both regular and sequence lines. On the other hand, Kukhlevskir et al. * employed a reflecting interferometer in a CO, waveguide laser and obtained several sequence lines. Recently, Evenson et al. have obtained sequence lines using a simple cavity with a 171 groove/mm grating.g For pumping FIR laser and laser spectroscopy, a laser with wide tuning range is preferred. Up to now, there is no sequence-band CO, waveguide laser with simple configuration that can be found in the literature. In this communication, we will report the design and the preliminary performance of a simple CO2 waveguide laser which has been able to operate in many lines of the 00"2-[10°1,02"1]r sequence band. The laser included an intracavity hot cell which was a part of the waveguide.
The laser configuration is shown schematically in Fig.  1 . A ceramic (99.5% alumina) tube with 3 mm inner and 5 mm outer diameters is used as the laser waveguide. The alumina tube used is the ordinary protection tube for the thermocouple using in high temperature measurement. There is no additional polishing to the bore. The discharge tube has an active length of 35 cm. The laser medium is a C02:Nz:He= 1:2:7 slowly flowing gas mixture excited by dc discharge. The wall of the waveguide is cooled to z 10 "C by water. One waveguide end is sealed with a ZnSe Brewster window. The other waveguide end is jointed directly to an intracavity hot cell without a separating Brewster window. A separate ceramic tube of the same dimension is used for the hot cell. The distance between the two waveguides is 2 mm. The stainless steel flange used for connection also serves as the ground electrode. The hot cell is heated by a heater coil wound on the ceramic tube and has an effective length of ~20 cm. Heat insulation is simply provided by a bigger Pyrex glass tube which is also used as the vacuum envelope. A ZnSe output mirror with 95% reflectivity is mounted a few mm from the other end of the hot cell tube and serves as one vacuum window. Finally a grating with 150 groove/mm and 95% reflectivity is placed at a distance 3 cm from the Brewster window. The grating, the two ceramic tubes, and the output mirror form a laser cavity with an overall length of 67 cm.
In our experiments, the gas mixture entered the discharge tube via the cathode end and the pure CO2 gas entered the hot cell via the output mirror end. Both gases were pumped out via an outlet at the middle flange. In order to reduce the influence of the COz gas to the active medium, the outlet was 2 cm away from the discharge ground and the mass flow of the CO2 was kept very low. Therefore, the pressure change of the laser gas mixture due to the additional COz gas was not noticeable. An electrical power of 30 W to the heater coil gave the hot cell a temperature of 350 "C. The mount of the output mirror was also cooled by water.
The lasing of the sequence lines was identified by the absence of the 4.3 pm fluorescence signal in an external CO2 cell. The fluorescence signal was easily produced when the radiation of the regular lines passed through a low pressure CO2 absorption cell, but there was no fluorescence from the sequence lines. A PbSe detector with thermoelectric cooler was used for detecting the 4.3 pm signal. This cell has been used to stabilize a regular-band CO1 laser. lo Meanwhile the laser signature was observed by an optical engineering spectrum analyzer. The sequence lines appeared midway between the two adjacent regular lines. The laser output power was recorded with a thermopile power meter.
Most of our measurements have been made under a gas pressure of 50 Torr and a discharge current of 6 mA. The laser output power of the stronger OO"2-[10"1,02"1], sequence lines is given in Fig. 2 sequence lines. La&g on 15 lines had output power more. than 0.5 W and a maximum output power of 1.2 W was obtained on the lOSP(19) and lOSP(21). The 00"2-[1V1,02°1]n sequence band has not been achieved because the output mirror was coated for 10.6 pm.
Comparing the maximum output power of the laser on the sequence lines and the regular lines under the same operating conditions, we found that the lOSP( 19) line gave about 30% of the power of the lORP(20) line. It is worth noting that, although the maximum power of 1.2 W was obtained on lOSP(19) and lOSP(21) from the gratingtuned cavity, the laser delivered 1.5 W on lOSP( 25) when the grating was replaced by a total reflection mirror. To estimate the overall cavity loss, the laser was operated on the regular lines and the output power with 80% and 95% output mirrors were measured. We have calculated the internal loss of the cavity with the grating to be 12%.
We have described the construction and performance of a simple grating-tuned CO2 waveguide laser which can be operated efficiently on the sequence transitions. Our experiments have shown that the power of sequence lines can reach 30% of the power of regular lines under nonoptimum conditions. Similar construction has been applied to conventional lasers to obtain sequence lines and the results will be published soon.ll The output power of our laser can be increased by optimizing the gas mixture and using a waveguide with lower attenuation. The output power can be further improved by using a cavity with a zeroth-order grating output coupler.' Finally, the characteristics of high operating pressure and high output power per unit length of waveguide lasers offer a larger frequency tuning range and good power with compact size and this should find many applications in pumping FIR lasers and molecular spectroscopy.
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